To report the prevalence of pseudoexfoliation (PXF) and its associations with ocular diseases in a south Indian population. METHODS. This was a population-based, cross-sectional epidemiologic study in the south Indian state of Andhra Pradesh (AP). A total of 10,293 subjects of all ages from one urban and three rural areas representative of the population of AP were interviewed and underwent a comprehensive ophthalmic evaluation. PXF was diagnosed on slit lamp biomicroscopy by the presence of white dandruff-like material in the pupillary margin, on the trabecular meshwork, and/or on the anterior lens capsule of one or both eyes. RESULTS. The age-gender-area-adjusted overall prevalence of PXF was 0.69% (95% CI: 0.53-0.86). The prevalence of PXF increased with increasing age: 3.01% (95% CI: 2.45-3.80), in those 40 years of age or older, and 6.28% (95% CI: 4.80 -7.76), in those 60 years of age or older. The prevalence of PXF was significantly higher among people whose occupation involved outdoor activities (adjusted odds ratio [OR], 2.14; 95% CI: 1.10 -4.16). After adjustment for age, the prevalence of PXF was significantly higher in those with nuclear cataract (adjusted OR, 2.00; 95% CI: 1.13-3.54). PXF was significantly associated with blindness (adjusted OR, 2.19; 95% CI: 1.16 -4.13). Fifteen (20.5%; 95% CI: 11.20 -29.80) of those with PXF were blind, with age-adjusted relative risk (RR) ϭ 4.25 (95% CI: 4.01-4.51). Unilateral blindness (41.2%; 95% CI: 29.81-52.39) and visual impairment (45.21%; 95% CI: 34.29 -57.13) were also more common with PXF. Four subjects (5.5%; 95% CI: 0.27-10.2) of those with PXF had glaucoma. The prevalence of PXF in those with glaucoma was 4.2%; (95% CI: 0.17-8.23). In general linear models, the estimated mean Ϯ SE of IOP with glaucoma and PXF was 24.14 Ϯ 1.41 mm Hg and was 18.94 Ϯ 0.26 mm Hg with glaucoma in the absence of PXF; the difference was statistically significant (P Ͻ 0.0001). CONCLUSIONS. The association of PXF with blindness and aging has public health implications for India. This is especially so considering the burden of cataract with aging and the association of PXF with cataract as well as complications of cataract surgery. The diagnosis of PXF may also be important in the management of glaucoma in this population. (Invest Ophthalmol Vis Sci.
P seudoexfoliation (PXF) is an age-related disorder characterized by the accumulation of a fibrillar extracellular material in ocular tissues and is often associated with glaucoma. 1 The prevalence of PXF world-wide ranges from 0.5% in those aged Ͻ60 years to 15% in those aged Ն60 years. 2 The prevalence of PXF based on hospital reports from India varies between 1.87% and 13.5%. 3 Population-based studies from south India have recently reported the prevalence of PXF to be between 3.8% and 6.0% among persons aged Ն40 years. 4, 5 The wide range of prevalence may reflect a true phenomenon or maybe be related to the differences in methodology, including examination techniques and definitions used to diagnose PXF. Although a genetic factor has been postulated, the reasons for true differences in prevalence between populations remain unknown. 6 In previous studies, a strong occupational association has been found with the occurrence of PXF. 7, 8 The prevalence of glaucoma in south India has been reported to be between 1.6% and 4.7%. 9 -11 The prevalence of glaucoma among subjects with PXF reported by recent population-based surveys from south India were 7.5% and 13%, respectively. 4, 5 PXF is associated with poor dilatation and is a risk factor for zonular dialysis and vitreous loss during cataract surgery. 4 PXF is therefore important from the perspective of both glaucoma and cataract management. 12, 13 The Andhra Pradesh Eye Disease Study (APEDS) is a large population based cross-sectional epidemiologic study conducted between 1996 and 2000 that provided information about the prevalence of ocular disease in the state of Andhra Pradesh (AP) in southern India. 10,14 -17 In the current study, we determined the prevalence of PXF and its associations with ocular disease in AP in southern India.
MATERIALS AND METHODS
The design of the APEDS is described in detail elsewhere. 14 -16,18 We obtained approval of the Ethics Committee of the Institute before study was conducted during the 5-year period from 1996 to 2000, in compliance with the tenets of the Declaration of Helsinki. 18 The aspects of study design relevant to this article are summarized in the following text.
Population Sampling
Briefly, we used a multistage sampling procedure to select a study sample of 10,000 persons comprising 5,000 persons each, younger and older than 30 years. We selected one urban and three rural areas from different parts of Andhra Pradesh (AP) that approximately reflected the urban-rural and socioeconomic distribution of the population of the state. The four areas selected were Hyderabad (urban), West Godavari district (semirural), and Adilabad and Mahabubnagar districts (poor, rural). We randomly chose 24 clusters (including one cluster representing the homeless), using stratified random cluster sampling from Hyderabad to reflect the urban population of the study, and 70 rural clusters to identify the rural population of the study.
Examination
Comprehensive ocular exams were performed for all eligible subjects after an interview to collect demographic details and personal risk behavior, dietary history, and utilization of eye care services. Ocular The publication costs of this article were defrayed in part by page charge payment. This article must therefore be marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
examinations were conducted in a clinic specially set up for the study by two ophthalmologists and optometrists trained for the study. 18 Written informed consent was obtained from the participants before any examination. The optometrists measured distance and near visual acuity, both presenting (with current refractive correction if any) and best corrected after refraction, with logarithm of minimum angle of resolution (logMAR) charts, 19 and performed an external eye examination, assessment of pupillary reaction, and anterior segment examination with a slit lamp biomicroscope. The optometrist also measured intraocular pressure (IOP) with a Goldmann applanation tonometer or a Perkins applanation tonometer if the IOP of a subject could not be measured using the Goldmann applanation tonometer. After examination by the optometrist, the subject was further examined by the ophthalmologist, who verified all abnormal findings noted by the optometrist. The ophthalmologist performed gonioscopy on all participants with an two-mirror lens (NMRK; Ocular Instruments Inc., Bellevue, WA), and the angle was graded according to the classification of Scheie. 20 If the pigmented posterior trabecular meshwork was not visible in three fourths or more of the angle circumference in the primary position without manipulation in the presence of low illumination, the angle was considered occludable; otherwise, it was considered open. If the patient could not cooperate for gonioscopy, the van Herick technique was used to grade the peripheral anterior chamber depth with the slit lamp 21 ; if the peripheral chamber was less than one fourth of corneal thickness, the angle was considered occludable, otherwise it was considered open. All patients had their pupils dilated unless contraindicated because of the risk of angle closure. After dilatation, the lens was examined with the slit lamp for the presence of PXF and for lens opacities. The lens was graded clinically at the slit lamp against photographic standards for nuclear opalescence, according to the Lens Opacities Classification System III (LOCS III), 22 and for cortical and posterior subcapsular lens opacities, according to the Wilmer classification. 23 Stereoscopic examination of the optic disc and peripapillary area was performed at the slit lamp using a 78-D lens. The vertical cup-to-disc ratio was assessed in units of 0.05 by the ophthalmologist. The following disc features evoked suspicion of glaucomatous damage: vertical cup-to-disc ratio 0.65 or more in either eye; asymmetry in cup-to-disc ratio of Ͼ0.2 between the two eyes; neuroretinal rim Ͻ0.2 in any quadrant in either eye; notch in the disc in either eye; disc hemorrhage in either eye; and nerve fiber layer defect. We assessed the agreement of examining ophthalmologists in this study for two parameters in 80 eyes: gonioscopy and optic disc evaluation with a 78-D lens. The agreement for grading the angle as open or occludable was high ( statistic, 0.85), as was the agreement in determining the vertical cup-to-disc ratio (intraclass correlation, 0.97). Fundus examination was also performed with the indirect ophthalmoscope with a 20-D lens. Standard classifications were used to grade age-related macular degeneration and diabetic retinopathy.
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Visual Fields
Automated visual fields were performed with the Humphrey visual field analyzer (Carl Zeiss Meditec, Dublin, CA) 26 using the threshold central 24-2 strategy (stimulus size III) in those participants assessed to have suspected glaucoma based on the following criteria: any of the disc features listed earlier for suspected glaucomatous disc damage, IOP 22 mm Hg or more in either eye, and an IOP difference of 6 mm Hg or more between the two eyes. If the visual field was abnormal or unreliable, it was repeated on another day. Visual fields were considered unreliable if fixation losses were Ͼ20%, if false-positive responses were greater than 33%, and/or if false-negative responses were greater than 33%. Visual field defects were considered to be the result of glaucoma if they were consistent with optic disc damage and met at least two of the following three criteria: (1) abnormal glaucoma hemifield test, (2) P Ͻ 5% for corrected pattern SD, (3) a cluster of three non-edge-points with P Ͻ 5%, including at least one point with a P Ͻ 1% on the pattern deviation plot. 27 The sensitivity and specificity of each of these criteria to detect glaucomatous visual field loss has been reported to be reasonable. 28 We chose to combine at least two of these criteria to define glaucomatous visual field loss to reduce the chance of false positives.
Examination at Home
Participants who were physically debilitated and unable to come to the clinic were examined at home with portable equipment, including a hand-held slit lamp and a Perkins applanation tonometer. This examination was similar to the one at the clinic, except that gonioscopy, examination with a 78-D lens, indirect ophthalmoscopy, and automated visual field perimetry were not performed.
Definitions
We diagnosed PXF on biomicroscopy if there was white dandrufflike material in the pupillary margin (undilated examination), on the anterior lens capsule (dilated examination), and/or on the trabecular meshwork (on gonioscopy).
For the present analysis, we defined nuclear cataract as nuclear opalescence of grade 3.0 or higher, according to LOCS III. 4 Cortical cataract was considered to be present if at least one eye had a Wilmer grade Ͼ2. 18 Posterior subcapsular cataract was considered present if at least one eye had a Wilmer Ͼ1. 18 Blindness was defined as presenting distance visual acuity Ͻ6/60 or central visual field loss of Ͻ10°in the better eye. Visual impairment was defined as presenting distance visual acuity Ͻ6/18 in the better eye or central visual field loss Ͻ20°in the better eye.
We have published details of the diagnosis of the subtypes of glaucoma. 10, 17 To summarize, primary open-angle glaucoma was defined as glaucomatous optic disc damage with visual field loss in the presence of an open angle. Primary angle-closure glaucoma was defined as IOP of Ն22 mm Hg or glaucomatous optic disc damage with visual field loss in the presence of an occludable angle. We defined age-related macular degeneration (AMD) based on the international ARM classification.
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Statistical Analysis
The prevalence of PXF and other estimates in our sample were adjusted for the estimated age and sex distribution of the population in India for the year 2000 29 (http://www.census.gov). The 95% confidence intervals were calculated by assuming a Poisson distribution for prevalence Ͻ1% and normal approximation of binomial distribution for prevalence of Ͼ1%. 30 The association between PXF, demographic factors and other ocular diseases was assessed on computer with bivariate analysis, using either the 2 or Fisher exact test and by multiple logistic regression analysis (SPSS, ver. 12.0 for Windows; SPSS, Chicago, IL) for statistical analysis. A random-effects repeated model of generalized estimating equations modeling (GEE) was used to test the association of PXF with blindness and glaucoma defined at eye level considering subjects as random factors and adjusting the standard errors after computing the within-subject correlation of the eyes. Odds ratios (OR) were determined from the GEE model parameters, and 95% confidence intervals (CIs) are given. We used the general linear models (GLM; univariate ANOVA) to compare the mean difference of IOP between groups after adjusting for age. We also used the repeatedmeasures ANOVA to compare the IOP differences between groups. Another computer program (STATA ver. 8.0; Stata Corp., College Station, TX) was used to do these analyses. A two-tailed P Ͻ 0.05 was considered to be statistically significant for this analysis.
RESULTS
The study had a high response rate with 10,293 (87.3%) of the 11,786 sampled subjects participating in the study. The response rate varied between 85.4% in the urban area (Hyderabad) and 84.6%, 91.6%, and 87.7% in the rural areas of West Godavari, Adilabad, and Mahabubnagar districts, respectively. Of the study subjects, 5439 (52.8%) of subjects were female, 
Prevalence of PXF
We found PXF present in one or both eyes of 73 (0.71%) of 10,293 participants of all ages, an overall age-gender-areaadjusted prevalence of 0.69 (95% CI: 0.53-0.86). The median age for participants with PXF was 66 years (mean Ϯ SD, 64.9 Ϯ 9.8; range, 26 -84). The prevalence of PXF showed a significant age-related increase ( 2 test; P Ͻ 0.0001; Table 1 ). The age-gender-area-adjusted prevalence of PXF in those Ն40 years of age was 3.01 (95% CI: 2.45-3.80); it was 6.29 (95% CI: 4.80 -7.76) in those Ն60 years of age (Table 2) . We calculated the age-specific standardized rates of PXF by using the U.S. population as a standard. The age-standardized rates of PXF were compared across various population-based studies ( Table  3 ). The adjusted odds of prevalence of PXF increased significantly with each decade of increasing age. After adjustment for other demographic variables, PXF was not significantly associated with gender in this population ( Table 4 ). The prevalence of PXF was significantly higher (P Ͻ 0.0001) among those engaged in predominantly outdoor occupational activities (n ϭ 55, 1.3%), compared with those engaged in predominantly indoor occupational activities (n ϭ 18, 0.4%). After adjusting for demographic factors, subjects with occupational outdoor activities had significantly higher ORs of prevalence of PXF (adjusted OR, 2.14; 95% CI: 1.10 -4.16). The ORs of the prevalence of PXF also increased with decreasing socioeconomic status, but the increase was not statistically significant (Table 4) .
PXF was present in 112 eyes of 73 persons-in only one eye in 34 (46.6%) and in both eyes in 39 (53.4%). It was present in the pupillary margins of 65 (58.0%) eyes and on the lens of 71 (63.4%), only on the lens surface in 48 (42.9%), only on the pupillary margins in 38 (33.9%), and in both locations combined in 26 (23.2%). We detected PXF on the trabecular meshwork (TM) of one (0.9%) eye with the combination of the § Data on occupation were not available for 846 subjects. All the subjects who were laborers (skilled and unskilled), fishermen, armed services/police, salespersons, and owners of cultivated land were considered to be in the outdoor activity group. Professionals, executives, managers, businesspersons, teachers, serviceworkers, homemakers, students/trainees, unemployed, and others were considered to be in the indoor activity group. presence of PXF on the pupillary margin. Among the 112 eyes with PXF, 1 (0.89%) eye was pseudophakic, 12 (10.71%) were aphakic, and 1 aphakic eye had deposition of PXF material on the TM. One (1.4%) subject with PXF had a cataract-surgeryrelated complication in the affected eye. Fifteen (20.5%; 95% CI: 11.2-29.8) subjects with PXF were blind (presenting distance visual acuity Ͻ6/60 in the better eye and/or central visual field loss of Ͻ10°in the better eye). The prevalence of blindness was significantly higher in subjects with PXF (age-adjusted OR, 2.19; 95% CI: 1.16 -4.13). Eighteen (24.65%) subjects with PXF (95% CI: 14.81-34.59) were visually impaired (presenting distance visual acuity Ͻ6/18 -6/60 in the better eye and/or central visual field loss Ͻ20°in the better eye). Three (4.1%) subjects with PXF were blind due to glaucoma. Other causes of blindness included cataract in seven (46.7%) persons, corneal diseases in two (13.3%), retinal diseases in two (13.3%), and refractive error in one (6.7%). Thirty (41.09%; 95% CI: 29.81-52.39) subjects with PXF were blind in the affected eye, and 33 (45.21%; 95% CI: 34.29 -57.13) were visually impaired (presenting distance visual acuity Ͻ6/18 -6/60 in the affected eye). When GEE was applied, blindness was significantly associated with PXF (adjusted OR, 2.97; 95% CI: 1.46 -6.11; P ϭ 0.003). However, the association of glaucoma with PXF was not statistically significant (adjusted OR, 2.04; 95% CI: 0.25-16.78; P ϭ 0.510; Table 5 ).
Associations of PXF with Other Eye Diseases
Bivariate analysis showed an association between PXF and primary open-angle and closed-angle glaucoma; the presence of any cataract including nuclear, cortical, and posterior subcapsular cataract; and age-related macular degeneration (AMD; Table 6 ). After adjusting for age in the multivariable logistic regression model, the prevalence of PXF was found to be significantly more common in those with any type of cataract (adjusted OR, 2.86; 95% CI: 1.35-6.07; P Ͻ 0.0001). On further exploration of the association with the types of cataract, we found that PXF was significantly associated only with nuclear cataracts (adjusted OR, 2.00; 95% CI: 1.13-3.54; P Ͻ 0.0001). PXF was associated with open-angle and closed-angle glaucoma in bivariate analysis but the associations were not statistically significant after adjusting for age in a multivariate model (Table 6) .
Four (5.5%) subjects with PXF had glaucoma (95% CI: 0.27-10.2). When GLMs were applied, the estimated mean Ϯ SE of IOP with glaucoma and PXF was 24.14 Ϯ 1.41. The mean Ϯ SE of IOP for glaucoma in the absence of PXF was 18.94 Ϯ 0.26; the difference was statistically significant (P Ͻ 0.0001). The interaction effect of PXF and glaucoma for the difference of mean IOP was significant (P ϭ 0.001). After the main effects of any glaucoma and PXF were split, the presence of glaucoma was significantly associated with the difference of IOP across all levels of PXF (P Ͻ 0.0001).
DISCUSSION
PXF is associated with cataract and glaucoma and is the most common identifiable form of secondary open-angle glaucoma worldwide. Our results suggest that blindness was significantly 
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more common in subjects with PXF than in those without PXF (adjusted OR, 2.19; 95% CI: 1.16 -4.13). We also found that 20.5% of those with PXF were blind, similar to data reported in the Aravind Comprehensive Eye Study (ACES) from a different part of southern India (25.7%). 4 If we use the World Health Organization (WHO) definition of blindness (visual acuity Ͻ 3/60 and visual field loss of Ͻ10°in the better eye) the prevalence of blindness among persons with PXF is 15.1% (95% CI: 6.9 -23.3).
Previous studies have shown a marked age-related increase in the prevalence of PXF; typically Ͻ1% in persons younger than 60 years and increasing to 6.28% among subjects 60 years of age or older. 4, 5, [31] [32] [33] [34] [35] [36] [37] [38] Although the reason for this age-related increase is unknown, it has been speculated that the changes in gene expression that occur with age may be responsible. 39 Our prevalence estimates for those 40 years of age or older are similar to those in the recent report from Chennai 5 (3.08%; 95% CI: 3.50 -4.05), but less than that reported from Madurai 4 (6.0%; 95% CI: 5.3-6.6), both in southern India. This may be attributable to differences in the definitions and methodology or could even be caused by true population differences. As none of the studies seem to have looked for the earliest changes (brown stage or precapsular stage), 13 the true prevalence of PXF is more likely to be higher than the estimates reported by studies from south India. The age-specific standardized PXF rate (direct standardization using the population estimates for the U.S. for the year 2000 as the standard) in our study population for those 40 years of age or older was similar to the age-standardized rates of PXF in the Chennai study 5 and Blue Mountains Eye Study 34 and higher than the rates in the Framingham Eye Study, 31 and Visual Impairment Study 38 (Table 3). However, the age-specific standardized PXF rates in other population-based studies-one from southern India 4 and another from central Iran 41 -were high in comparison to those in our study (Table 3) . Differences in prevalence of PXF across populations have to be interpreted with caution considering the difficulties and lack of standardization in diagnosis and the potential for subclinical or early cases to be missed.
There are conflicting reports of gender differences in the prevalence of PXF. 4, [31] [32] [33] [34] 40, 42, 43 We found the prevalence of PXF among men to be marginally higher than in women, but the difference was not statistically significant. We also found a strong association between PXF and occupation. The fact that people exposed to outdoor activity as part of their occupation had a significantly higher prevalence of PXF (adjusted OR, 2.14; 95% CI: 1.10 -4.16) compared with those whose occupation was restricted to indoor activity provides some support to the theory of an association between environmental factors (possibly solar radiation) and PXF. 7, 8 The majority of India's population (almost 58%) depends heavily on the agricultural sector for employment and income and would be exposed to outdoor activities in a routine way that may constitute a significant risk factor for the occurrence of PXF in this population. The lack of a statistically significant association between decreasing socioeconomic status and PXF also seems to support the possibility of an environmental factor that may possibly be related to solar radiation. Our study, however, was not designed to explore this possibility further. We found a difference (P ϭ 0.002; repeated-measures ANOVA) in mean IOP of 1.06 mm Hg (data not shown) between eyes with PXF and eyes without PXF in our study population, almost similar to the earlier reports from Chennai 5 (1.29 mm Hg) and Australia 38 (1.02 mm Hg). Other studies have reported as much as a 5-mm Hg difference in mean IOP between these two groups. 44 GLM analysis revealed that the difference in mean IOP after adjustment for age was greater in people with the presence of both PXF and glaucoma. The lack of any statistically significant association between PXF and glaucoma (open angle or angle closure) could be related to the small sample size of persons with glaucoma and PXF in the study population. Slit lamp biomicroscopic examination (especially dilated), and gonioscopic evaluation of the angles is necessary to identify the presence of PXF, especially on the lens or TM. Many Indian ophthalmologists still primarily rely on IOP measurements for primary testing of glaucoma. 4 Routine slit lamp and dilated examinations must become preferred practice if PXF is to be detected.
The increasing prevalence of PXF and cataract with age and the association of PXF with the most common type of cataract (nuclear cataract) have public health implications for India. Improved healthcare results in a definite demographic shift toward aging in India that may result in a higher burden of both PXF and cataract. Eyes with PXF have a greater frequency of complications such as zonular dialysis, capsular rupture, and vitreous loss at the time of cataract extraction. The surgical procedure is more difficult because the pupil may not dilate well. It has also been shown that PXF patients have an increased risk of acute increase in IOP after cataract surgery. 45 Postoperative complications of posterior capsular opacification, capsule contraction syndrome, intraocular lens decentration, and inflammation are also greater in eyes with PXF. A preoperative diagnosis of PXF and appropriate precautions during surgery may help to reduce the frequency of complications. If the risk of complications is increased in the earlier stages of PXF (brown and precapsular), the magnitude of the problem is likely to be even higher. 13 Associations between AMD and PXF have been reported previously. 46 We did not have enough cases (n ϭ 3) to study the association of PXF with AMD.
Our estimates of PXF may be an underestimate, since patients examined at home (approximately 2% of the total population studied) did not undergo standard slit lamp biomicroscopy and gonioscopy, and the diagnosis of PXF could have been missed. In addition, the presence of PXF material only on the lens in 42.9% of persons with PXF may mean that a proportion of the persons who had undergone bilateral cataract operations may have had PXF that we could not have diagnosed. The prevalence of glaucoma may be an underestimate in this study, because visual field tests were performed only on those subjects with suspicious discs or elevated IOP and were not performed on the 2% who had examinations only at their homes. A major strength of the study is that a standardized protocol was used, and a high participation rate was obtained (87.3%) in all the selected areas. 16 Another strength is the random selection of study subjects, which means that the sample can be considered representative of the entire population of AP. The proportions of refusals were equally distributed among all categories of age and gender and were similar to those who participated in the study (data not shown).
In summary, subjects with PXF had a significantly higher prevalence of blindness than did those without PXF. We also found a strong association of PXF with age and any type of cataract-in particular, nuclear cataract. India has a large cataract burden and has an aggressive cataract surgical program. Detection of PXF syndrome preoperatively may reduce or at least allow us to be prepared for the management of complications of surgery associated with this condition. The high prevalence of PXF in this older population mandates a complete clinical examination including slit lamp biomicroscopy and dilated examination to detect early PXF and other disease.
